comprehensive effectiveness, and the development of water conservancy is generally good. The spatial distribution regulation of economic efficiency tends to be high in the south and low in the north because it is related to local economic development and water policies. To achieve comprehensive effectiveness, the output indices need to be adjusted. This study assists with the promotion of efficient development plans for water conservancy systems and the economic efficiency of water conservancy investment in Heilongjiang Province.
In view of the shortcomings of the above research, this paper presents a new method to analyze the relative economic efficiency of each city from the perspective of the input-output structure (Kashani ; Zhang & Jiao ) .
A data envelopment analysis (DEA) model is suited to address the efficiency evaluation problem, which explains the economic impact of water conservancy investment from the perspective of multiple inputs and outputs and can be selected to calculate the efficiency by considering the complexity of water resource systems and output diversity (Puri & Yadav ) . Moreover, the projection pursuit clustering (PPC) model (Berro et al. ) is used to reduce the number of output indices of the DEA because the results may become blurred due to many indices (Liu et al. ) .
Therefore, a PPC-DEA model is developed to explore a new perspective on economic efficiency analysis for water conservancy investments. This model provides a reference for optimizing the input-output structure of water conservancy investments, improving resource allocation, and increasing the ability of water conservancy to support the economy.
RESEARCH METHODS AND DATA SOURCES Study area
Heilongjiang Province is located in northeastern China increased year by year, unbalanced regional development and great differences in economic efficiency always exist because of the lack of correct direction and unreasonable input-output structure, such as outdated water infrastructure and unbalanced temporal-spatial distribution of water and soil resources. In this situation, only a scientific analysis of the economic efficiency of water conservancy investments can result in the complete use of the economic potential of all regions, which relates not only to the economic and social development of Heilongjiang but also to the economic and social development of China.
Research method

PPC model
A PPC model is a dimension reduction processing technology. It can transform a multidimensional analysis problem into a one-dimensional problem using the optimal projection direction. Specifically, the multi-factor index of the influencing problem is transformed into the projection eigenvalue, which reflects the comprehensive index characteristics based on PPC analysis.
Step 1: Equal frequency discretization and output index classification (Zhang et al. )
Step 2: The structure of the index function Q(a)
Step 3: Optimization of the projection index function
Step 4: Classification
Step 5: Reduction of the output index system
Further details are shown in the supplementary material (available with the online version of this paper).
Data envelopment analysis
In this study, the CCR and BCC models (Liu et al. ) from the DEA are selected to calculate the economic efficiency of water conservancy investments. The CCR model is used to measure the comprehensive efficiency θ. It indicates that the existing portfolio is not the optimal combination when θ < 1, which may be due to technical factors or scale factors.
The pure technical efficiency δ can be evaluated using the BCC model. The pure technical efficiency is effective when δ ¼ 1 and inefficient when δ < 1. Moreover, γ is the scale efficiency, where γ ¼ θ=δ. The scale efficiency is effective when γ ¼ 1 and is inefficient when γ < 1. Using a combination of the CCR and BCC models, the comprehensive efficiency θ , pure technical efficiency δ and scale efficiency γ can be evaluated for each city. Step 1: Determine the input and output indices
Step 2: Reduce the number of output indices using the PPC model
Step 3: Determine the new output index system for each year
Step 4: Calculate the economic efficiency using DEA
Step 5: Conduct the economic efficiency analysis of water conservancy investments
Data sources
The data related to water conservancy investments, effective 
Index reduction
The DMUs from each output index are listed in ascending order and divided into four grades according to the theory discussed above: the value is 1 when the DMU ranking is 1-3, 2 when the DMU ranking is 4-6, 3 when the DMU ranking is 7-9, and 4 when the DMU ranking is 10-13.
The projection direction in the PPC model is optimized able with the online version of this paper). Then, the final output index system for each year is obtained (see Table 1 ).
RESULTS AND ANALYSIS Comprehensive efficiency analysis of water conservancy investments
The CCR model calculates the comprehensive effectiveness of 13 cities in Heilongjiang Province using the above input and output index systems. Then, the comprehensive efficiency of the cities' water conservancy investments is obtained for the period 2007-2012 (see Table 2 ).
There are 32 DMUs (accounting for 41%) of 78 that exhibit comprehensive effectiveness during the 6 years. 
has the highest comprehensive efficiency, has a comprehensive efficiency that is three times that of Yichun. Therefore, there are large differences among the studied cities in Heilongjiang Province. In Yichun, which exhibits comprehensive ineffectiveness for all 6 years, water conservancy began late and the infrastructure is very poor, although the intention was good.
In summary, water conservancy investments exhibit a prosperous developing trend in Heilongjiang, although the differences between cities are large, and the efficiency of some cities is very low, which is related to the degree of local water conservancy infrastructure construction.
Pure technical efficiency and scale efficiency analysis of water conservancy investments
Combined with the CCR model, comprehensive efficiency is further decomposed into pure technical efficiency and scale efficiency using the BCC model, and the results are shown in years. As a forest resource city, it is particularly important for Yichun to improve both production technology innovation and expand the production scale with the decrease in forest resources. Thus, these cities must make appropriate adjustments in water conservancy production technology and production scale to achieve comprehensive effectiveness.
Spatial distribution of the economic efficiency of water conservancy investments
To further investigate the spatial distribution of the econ- Optimization design of the economic efficiency of water conservancy investments Table 4 . Table 4 shows that these six cities must increase their output values by different degrees in output optimization.
Yichun has improved the most in the output effective irrigation area, followed by Daxing'anling and Heihe. These three cities are located in the northern part of Heilongjiang Province and belong to the Daxing'anling Forest Region. They have a lot of land and few people, resulting in high per by the development of agriculture. Therefore, the structure of agricultural production should be adjusted, the level of mechanization should be improved, and the high and stable yield of crops should be ensured. analysis has some shortcomings that are difficult to overcome but may be improved in future research.
CONCLUSIONS AND SUGGESTIONS
